A detailed palaeoenvironmental analysis based on planktonic and benthic foraminifera has been carried out over the Cenomanian / Turonian transition exposed at Ashaka in northeast Nigeria . The predominantly arenaceous benthonic foraminiferal fauna has been divided into four groups . Three of these indicate certain environmental conditions (oxygen deficiency and low salinity , oxygen deficiency and normal salinity , oxygenated water and normal salinity) , while the fourth comprises environmentally unrestricted genera . Quantitative analysis , in combination with sedimentological and macrofaunal data , leads to a tripartite division of the section investigated : the thick basal limestones (Gongila Formation) were deposited under well oxygenated , normal marine conditions ; the middle part (basal Fika Shale Formation) points to a stratified water body with well oxygenated , normal marine surface water and anoxic / dysoxic but normal marine bottom water ; the upper part (Fika Shale Formation) shows alternating normal marine oxic and brackish anoxic / dysoxic conditions . The maximum water-depth probably never exceeded 50 m .
. Introduction
Since the opening of the equatorial Atlantic about 120 Ma ago , rifting of the Benue Trough and the Gongola Rift continued to the end of the Cretaceous (Fairhead , 1988) . During the late Cenomanian and early Turonian , the peak of a worldwide transgression flooded the Benue Trough and the Saharan Basins (Petters 1978a ; Reyment , 1980 Reyment , , 1981 Flexer & Reyment , 1989) . This was also the global maximum highstand of sea-level of all Cretaceous transgressive phases (Flexer & Reyment , 1989 ) and the only one of three marine transgressions which reached the upper Benue Trough (Petters , 1978a) . The stratigraphic setting and tectonic development of the Benue Trough and Chad Basin were reported earlier by Adeleye (1975) , Benkhelil (1989) , Burke et al . (1972) , Matheis (1976) , Of fodile (1976) and Petters (1991) .
The section in the Ashaka limestone quarry in northeast Nigeria is a very well known exposure of Cenomanian to Turonian sedimentary rocks , situated at the transition from the Upper Benue Trough into the Chad Basin ( Figure 1 ) . It has been a subject of investigation by several authors , e . g ., Petters & Ekweozor (1982a) , Wozny & Kogbe (1983) , Popof f et al . (1986) , Rebelle (1990) , Courville (1992) , Courville & Thierry (1993) and Zaborski (1993) . However , only a very few papers have been published on its foraminiferal content (Petters , , 1983a .
This study examines the quantitative development of the foraminiferal assemblages with a view to interpreting the changing palaeoenvironments . The Ashaka section is located north of Gombe in Bauchi State , just north of the Zambuk ridge , a basement high separating the Benue Trough from the Chad Basin . A total of about 20 m of the exposed section in the quarry has been sampled . The section is made up of c . 9-m thick basal limestones and marly limestones , which are overlain by black shales with thin limestone layers . Only the basal limestones are of interest for cement processing and these are exploited . The basal limestones overlie the Bima Sandstone Formation . The Bima Sandstone Formation is late Aptian to Albian in age (Allix et al ., 1981 , see also Figure 2) .
There is no general consensus about the formation names . Wozny & Kogbe (1983) and Popof f et al . (1986) assigned the entire Ashaka section to the Gongila Formation , while , Petters & Ekweozor (1982a) and Rebelle (1990) refer the basal limestones to the Gongila Formation and the black shales to the Fika Shale Formation . Carter et al . (1963) originally defined the limestones and shales near Gongila village as the Gongila Formation because of its slight dif ference from the Pindiga Formation on , and south of , the Zambuk ridge . However , since formations are mappable lithological units , the basal limestones should be assigned to the Gongila Formation and the overlying black shales to the Fika Shale Formation .
. Material and methods
Fifteen samples were collected during the 1994 field season . These included limestones as well as shales . About 300 -400 g of each sample were investigated . They were dried , treated with hydrogen peroxide (10%) , and washed over a 0 . 063 mm sieve . After this , the residue was dried again and distributed on a black picking tray . In the case of the limestone samples , which were disaggregated incompletely , the entire microfaunas recovered were picked . About 200 -400 foraminifera were picked from the shale samples where possible . Some of the shale samples contained a very small quantity of foraminifera , so these were completely picked . The exact quantities of foraminifera isolated are shown in Table 1 ; all species are listed together with their absolute and relative abundance in the samples . The majority are illustrated (Figures 3 , 5 , 6) . The classification of the foraminifera has chiefly been carried out according to the descriptions and figures of the following authors : De Klasz et al . (1963) , Eicher & Worstell (1970) , Dessauvagie (1972) , , Petters (1979a Petters ( , 1980 Petters ( , 1983a , Robaszynski & Caron (1979) and Caron (1985) .
. Lithologic observations
The black shales of the Fika Shale Formation are generally well laminated , and contain several layers of fibrous gypsum . Macrofossils have not been observed within them . The basal limestones contain several layers of darker marly limestone , showing much evidence of bioturbation (individual and complete burrowing) as in the limestone layers in the upper part of the section . Macrofossils are very common in the limestones .
. Biostratigraphy

. 1 . Planktonic foraminifera
One of the principal objectives of this study was to confirm the CenomanianTuronian boundary within the Ashaka section using planktonic foraminifera . Based on previous ammonite studies , it has been demonstrated by several authors (Wozny & Kogbe , 1983 ; Popof f et al ., 1986 ; Courville , 1992 ; Courville & Thierry , 1993 ; Zaborski , 1993) that this boundary is exposed at the Ashaka section . Because of the predominance of heterohelicids and the few hedbergellids , an age determination on a stage level should be possible (Petters , 1983a) .
Possible locations of the Cenomanian-Turonian boundary after ammonites are shown in Figure 2 . However , for palaeogeographical and palaeoecological reasons , only long-ranging , shallow water species have been found in the samples . In addition to this , the occurrences of planktonic foraminifera appear to be predominant in the limestone layers (see Figure 2) .
Only six dif ferent species have been observed in the samples investigated . These , together with their stratigraphic ranges are as follows : Guembelitria cenomana (Keller)-Albian to Turonian ( Figure 6 The ranges are taken from Robaszynski & Caron (1979) , Petters (1980 Petters ( , 1983a and Caron (1985) . Guembelitria harrisi of Petters (1983a) and Eicher & Worstell (1970) is synonymous with Guembelitria cenomana in this paper (see also Caron , 1985) . Hedbergellids are very rare and very small in the samples examined . In Table 1 . Distribution of foraminifera in the investigated samples . Each column contains the percentage and the number of individuals picked (in brackets) 
Species
Guembelitria cenomana
41 (92) 5 (19) 50 (3) 1 (2) 7 (2) 6 (8) 7 (15) 5 (1) Heterohelix fayose
(10)
Heterohelix moremani 8 (18) 9 (32) 12 (47) 15 (4) 8 (10) 8 (17) Heterohelix reussi 51 (115) 86 (304) 50 (3) 100 (1) 88 (343) 78 (21) 85 (105) 80 (164) 86 (18) 100 (4) Hedbergella cf
. delrioensis 1 (2) 5 (1) Clavihedbergella cf
. simplex
100 (355) 100 (6) 100 (1) 101 (392) 100 (27) 100 (124) 100 (206) 101 (21) 100 (4) Ammobaculites bauchensis 7 (16) 22 (13) 2 (4) 10 (24) 6 (15) 7 (2) 50 (1) 6 (4) 3 (1) Ammobaculites benuensis 3 (6) 3 (2) 14 (31) 4 (8) 4 (1) 4 (9) 2 (5) 1 (1) 0 (1)
Ammobaculites coprolithiformis
2 (1) 4 (9) 2 (4) 9 (21) 20 (47) Ammobaculites cf
. jessensis 3 (8) 3 (2) 6 (13) 8 (2) 1 (2) 7 (2) 13 (6) 6 (4) 2 (2) 7 (22) Ammobaculites cf . pindigensis 4 (9) 2 (1) 3 (1) 2 (2) Ammobaculites spp .
31 (14) 2 (2) ? Ammobaculoides cf . plummerae
(1)
Ammomarginulina sp .
1 (3) 4 (1) 0 (1) Ammotium bornum 1 (2) 1 (2) 4 (1) 9 (21) 17 (39)
Ammotium nkalagum
7 (17) 4 (9) Ammotium cf . nwalium 3 (6) 1 (3) 5 (10) 7 (2) 4 (2) 2 (3) 2 (6) Ammotium sp . 1
2 (5) 2 (1) 5 (12) 5 (11) 4 (1) 3 (8) 1 (1) 2 (2) Buliminella cf . fabilis
(2)
Cassidella cf . tegulata 2 (1) 1 (2) 2 (1) 1 (1) ? Fursenkoina sp .
8 (5) 0 (1) 8 (2) 40 (12) 8 (3) ? Gabonita sp .
(1)
3 (1) ? Gavelinella spp .
(3)
0 (1) 31 (9) 69 (25) 11 (13) 2 (6) Haplophragmoides bauchensis
16 (36) 2 (5) 4 (9) 6 (4) 6 (2) 74 (91) 80 (255) Haplophragmoides cf
. sahariense 51 (116) 16 (37) 28 (58) 8 (20) 19 (44) 13 (9) Haplophragmoides cf . saheliense 8 (5) 4 (1) 9 (4) 5 (6) 7 (21) Haplophragmoides cf
. talokaensis 15 (9) 17 (4) 20 (9) 21 (15) ? Marginulina sp .
(1)
Miliammina inflata
(3)
Miliammina pindigensis
15 (9) Miliammina cf . telemaquensis 2 (4) 2 (4) 7 (2) 3 (2) Praebulimina robusta
(11) 52 (16)
Reophax guineana
2 (4) 32 (74) 17 (35) 43 (106) 0 (1) Reophax cf . minuta
3 (2) 7 (17) 1 (3) 7 (18) 18 (41) 2 (1) 0 (1)
5 (12) ? Textularia sp .
(2)
Trochammina cf . dutsuna 8 (5) 2 (4) 10 (21) 2 (8) Trochammina cf . taylorana
9 (20) 8 (5) 3 (6) 11 (22) 5 (11) 6 (15) 50 (1) 16 (7) 27 (19) 42 (13) 8 (3) Trochammina cf
. wickendeni
17 (4) 1 (1) À 101 (229) 99 (60) 99 (229) 100 (209) 99 (24) 100 (244) 98 (232) 102 (30) 100 (2) 99 (45) 100 (70) 100 (31) 100 (36) 102 (123) (Zaborski , 1983 ; Popof f et al ., 1986) , and the occurrence of planktonic foraminifera in the samples . Based on the occurrence of Heterohelix reussi in sample 14 , the Cenomanian / Turonian boundary might be close to the base of the section .
addition to this , not more than four planktonic species occur in any one sample ( Table 1) . As a result , the entire section investigated could be Turonian in age because Heterohelix reussi appears even in the basal limestones . This would confirm the age determination of for this section , but does not agree with the ammonite record . As mentioned above , the planktonic species are long ranging , and there is a possibility that the specimens classified here as Heterohelix reussi are closely related ancestors of the type species . However , the relatively early appearance of probable Turonian planktonic foraminifera at Ashaka would support a lower position for the Cenomanian -Turonian boundary , more like that of Popof f et al . (1986) than that of Zaborski (1993) . However , because of their short stratigraphical ranges , ammonites are better index fossils for this area . Thus , the locations of the Cenomanian -Turonian boundary shown in Figure 2 (cf . Zaborski , 1993 ; Popof f et al . 1986 ) are more likely than the base of the section .
. 2 . Benthonic foraminifera
Stratigraphic ranges of smaller benthonic foraminifera are usually long . In some cases , determinations to stage level may be possible , but none of the species observed in the Ashaka section is exclusively indicative of either the Cenomanian or the Turonian stages . indicated the stratigraphic ranges of almost two-thirds of the species noted in this paper . Species which have been described as Albian or Maastrichtian in age are prefixed cf . here . They can be considered to be at least very closely related ancestors or descendants . If one assumes a late Cenomanian to early Turonian age for the Ashaka section , the stratigraphical range of such species has to be extended . Thus , the benthonic foraminiferal species identified cannot be used for biostratigraphic purposes . Figure 2 shows the distribution of planktonic foraminifera in the samples investigated (see also Table 1 ) . They are restricted to the limestone layers in the upper part of the section and to the basal limestone sequence . Significant numbers of planktonic foraminifera were found only in two shale samples (11 and 12) . Their relative abundance (P / B-ratio , Figure 4 ) ranges between 0 and 94% .
. Paleoecology and distribution of foraminifera . 1 . Planktonic foraminifera
A simple interpretation of this ratio using modern analogies (e . g ., Gibson , 1989) points to very rapid changes in water-depth between inner shelf and lower bathyal , which is very unlikely and not supported by any other evidence . Hence , the ecologic reason for these enormous dif ferences cannot be water-depth alone . However , an increasing oceanic influence is implied by the increasing content of planktonic foraminifera in the lower part of the basal limestones (samples 13 -15) . Their diversity is low in all samples and , as noted previously , four species is the maximum in any one sample . The observed species belong to the non-keeled morphogroup of heterohelicids and hedbergellids , with heterohelicids dominating . Guembelitria is rather common . Hedbergellids are very rare , and represented only by juvenile forms . Non-keeled planktonic foraminifera are believed to be shallow water dwellers (Petters , 1980 ; Jarvis et al ., 1988 ; Leary et al ., 1989) . Heterohelicids and the globigerinid-shaped hedbergellids are the first to colonize new seaways and the last survivors , being able to withstand harsh conditions such as shallow and / or dysoxic waters (Eicher & Worstell , 1970 ; Petters , 1980 Petters , , 1983a . On the other hand , keeled species prefer deeper water and stable oxygenated conditions . Heterohelicids and hedbergellids are also believed to be able to reproduce in shallow waters (Jarvis et al ., 1988) . This interpretation is based on observations of living planktonic foraminifera , which show that gametogenesis ( ϭ reproduction) takes place in the deepest preferred water-depth of a certain species (Hemleben et al ., 1989) . The lack of incipiently keeled or keeled forms in the Ashaka section therefore indicates shallow water or a raised oxygen minimum zone as described , for example , from southeast England by Jarvis et al . (1988) for Cenomanian -Turonian times . These authors link the only occurrence of hedbergellids with a rise of an oxygen minimum zone to at least 50 m below the sea level . The average size of the planktonic foraminifera present (about 0 . 120 mm)
indicates a dwarfed and / or juvenile assemblage . According to Koutsoukos et al . (1990) , this could point to a low or moderate degree of oxygen depletion in the surface water during deposition of the limestones . However , the occurrence of a rather diverse macrofauna indicates fairly well oxygenated conditions (see discussion) . Thus , the relatively small size of the planktonic foraminifera at Ashaka is certainly for reasons other than oxygen depletion in the surface water .
It is more likely that the dwarfism represents a faster growth rate ; e . g ., individuals attained the reproductive stage earlier , resulting in a smaller overall size (Lipps (1979) . Such relations have been described for benthonic foraminifera by several authors (e . g ., Phleger & Soutar , 1973 ; Koutsoukos et al ., 1990) and point to ideal conditions of abundant nutrient supply with less competition and predation . Indeed , laboratory experiments on some modern planktonic foraminiferal species show that growth rates increase and reproductive cycles shorten with frequent food supply (Hemleben et al ., 1989) . A presumed water-depth of 50 m or less for the Ashaka section supports the interpretations of other authors about the palaeoenvironment of the Gongila Formation and the Fika Shale Formation respectively (see also discussion) . Sliter & Baker (1972) stated that reliable bathymetric interpretations can be made by benthonic foraminifera at least as far back as Cretaceous time and possibly into the Jurassic . This should be valid also for other palaeoecologic parameters such as salinity and oxygenation . However , very little is known about the palaeoecology of Cretaceous benthonic species of foraminifera , in particular for restricted , shallow epeiric seas like that in the upper Benue Trough or the Chad Basin . Thus , the distribution of modern benthonic foraminifera has to be the basis from which to interpret ancient faunas . The main source of information here is the vast data collection of Murray (1991) . Naturally , this cannot be done at species level because none of the species at Ashaka still exists in modern seas .
. 2 . Benthonic foraminifera
But interpretation at generic level should be an adequate tool . In addition to this , the occurrence of certain morphogroups as proposed by Bernhard (1986) or Koutsoukos et al . (1990) can be used to determine the palaeoevironment . There is always the possibility that certain genera change their ecologic preferences through time . However , the methods noted above will give good results in the interpretation of fossil-bearing rocks , especially if they are supported by additional faunal and sedimentological information , as is the case at Ashaka . Additionally , the ecologic characteristics of the frequent benthonic foraminiferal genera occurring at Ashaka can be taken into account . Percentages and absolute occurrences of the 33 identified benthonic species are indicated in Table 1 . The size of the observed specimens is generally small ; only some gavelinellid and
Haplophragmoides species in the basal limestones are reasonably large . The gavelinellids are almost always very poorly preserved .
Ammobaculites . This genus covers almost all ecologic niches in modern seas (Culver & Buzas , 1981) . This infaunal deposit feeder (Koutsoukos et al ., 1990 ; Murray , 1991) lives in muddy sediments of brackish to normal marine salinity in marsh to upper bathyal environments (Murray , 1991) . Its occurrence in certain Cretaceous sediments shows its tolerance to low oxygen levels (Koutsoukos et al ., 1990) . The following species occur at Ashaka : A . bauchensis (Figure 3 . 1) , A . benuensis (Figure 3 . 2) , A . coprolithiformis (Figure 3 . 3) , A . cf . jessensis (Figure 3 . 4) and A . cf . pindigensis (Figure 3 . 5) .
Ammotium . This infaunal deposit feeder is restricted to shallow brackish waters of tidal marshes , brackish lagoons and estuaries , and enclosed brackish shelf seas (Murray , 1968 (Murray , , 1991 . The following species occur at Ashaka : A . bornum ( Figure  3 . 6) , A . nkalagum (Figure 3 . 7) , A . cf . nwalium (Figure 3 . 8) and Ammotium sp . 1 (Figure 3 . 9) .
Buliminella . This is probably a detritivore , infaunal dweller of muddy marine environments , mainly on the shelf but also in lagoons and in the upper bathyal realm (Murray , 1991) . According to Koutsoukos et al . (1990) , the genus has some tolerance against oxygen deficiency . The only species that occurs at Ashaka is B . cf . fabilis .
Cassidella . This infaunal , detritivore mud-dweller lives in marine shelf seas (Murray , 1991) and tolerates low oxygen levels (Koutsoukos et al ., 1990) . Only C . cf . tegulata occurs at Ashaka .
? Fursenkoina . Modern Fursenkoina species live as infaunal deposit feeders in muddy sediments under marine conditions in lagoons , shelf seas and the upper bathyal realm (Murray , 1991) . They dominate Miocene anoxic sediments of California (Bernhard , 1986) . Kaiho (1994) described them as indicators of dysoxic conditions . The only species occuring at Ashaka is ? Fursenkoina sp . (Figure 6 . 8) .
? Gavelinella . Small to medium sized gavelinellids are also allocated to dysoxic environments by Bernhard (1986) . Koutsoukos et al . (1990) showed that gavelinellids are epifaunal active deposit feeders which tolerate low oxygen levels .
Their co-occurrence with relatively large macrobenthonic taxa indicates a slight oxygen depletion during the late Cenomanian / early Turonian in the Sergipe
Basin of NE Brazil . Only ? Gavelinella spp . (Figure 6 . 9) occurs at Ashaka .
Haplophragmoides . This probable detritivore , infaunal genus is commonly found in muddy to sandy substrates in a wide range of marsh to bathyal environments . It is primarily a marine genus , but several authors have reported Haplophragmoides species from hyposaline lagoons and estuaries (Murray , 1991) .
The following occur at Ashaka : H . bauchensis ( Figure 5 . 1 Miliammina . Miliammina species are found in a very wide range of environments from brackish to hypersaline marshes down to upper bathyal . This infaunal deposit feeder dwells in muddy and silty sediments (Murray , 1991) . The following species occur at Ashaka : M . inflata ( Figure 5 . 5) , M . pindigensis ( Figure  5 . 6) and M . cf . telemaquensis ( Figure 5 . 7) .
Praebulimina . The genus Praebulimina belongs to the tapered morphogroup of Bernhard (1986) and Koutsoukos et al . (1990) . Several related modern and ancient genera can be allocated to it and used as modern (and ancient) equivalents of Praebulimina . Bulimina is a probable infaunal detritivore mud to fine sand dweller of marine shelf to bathyal environments (Murray , 1991) . Neobulimina indicates anoxic environments (Bernhard , 1986) . Globobulimina is thought to be characteristic of low oxygen values (Miller & Lohmann , 1982) , and highly tolerant to oxygen deficiency (van der Zwaan , 1983) . It is also an indicator of dysoxic environments (Kaiho , 1994) . Praeglobobulimina af finis is characteristic for oxygen depleted stagnant basins (Mullineaux & Lohmann , 1981) . In NE Brazil , Praebulimina indicates a moderate degree of oxygen depletion (Koutsoukos et al ., 1990) . P . robusta ( Figure 6 . 10) occurs at Ashaka .
Reophax . This is an infaunal deposit feeder , living in muds and sands of lagoons , shelves and bathyal regions (Culver & Buzas , 1981 ; Murray , 1991) . It seems to be mainly a marine genus , but has also been described from brackish lagoons and estuaries (Brazier , 1980 , and several authors in Murray , 1991) . R . guineana ( Figure 5 . 8) and R . cf . minuta occur at Ashaka .
Saccammina . This infaunal , detritivore inner shelf dweller lives mainly in sands under marine conditions , but also resists reduced salinities (several authors in Figure 6 . 1 , Trochammina cf . Murray , 1991) . Saccammina sp . 1 ( Figure 5 . 9) and Saccamina sp . 2 ( Figure  5 . 10) occur at Ashaka .
Trochammina . Trochammina is an in-and epifaunal deposit-and plant feeder which covers very wide ranges of salinity (0 -60 A ) and water-depth (0 -Ͼ 6000 m , Murray , 1991) . According to Koutsoukos et al . (1990) , it is also tolerant of low oxygen values . The following species occur at Ashaka : T . cf . dutsuna ( Figure  6 . 1) , T . cf . taylorana (Figure 6 . 2) and T . cf . wickendeni (Figure 6 . 3) . Based on the information above , and considering sedimentology and the distributional pattern of the benthonic foraminfera in the Ashaka section , the species have been divided into four groups ( Figure 7 ) : Group 1 : Arenaceous species which are adapted to oxygen deficiency and low salinities . This includes the genera Ammotium , Reophax and Saccammina . Here , Ammotium is the indicator of brackish conditions . Group 2 : Arenaceous species of genera which Figure 7 . Relative occurrence of ecologic groups of benthic foraminifera . Textulariina are divided into genera indicating oxygen deficiency and low salinities (brackish waters) and genera whose distribution has no obvious relation to the sedimentology or other indicative parameters (neutral) , but reflects a tolerance of oxygen deficiency and low salinities . Rotaliina are divided into indicators of strong oxygen deficiency ( Praebulimina ) and genera with a strong distributional relationship to better oxygenated conditions within the Ashaka section . Neither group of Rotaliina tolerates reduced salinities .
cover a wide spectrum of environments , but are also tolerant of oxygen deficency and low salinities . They do not show obvious relations to sedimentological parameters . Because of their distributional patterns within the section , they are termed here as neutral . This group contains Ammobaculites , Ammomarginulina , Haplophragmoides , Miliammina and Trochammina . Group 3 : Calcareous hyaline foraminifera which are adapted to strong oxygen deficiency but cannot tolerate (large) salinity fluctuations . These occur only in shale samples and comprise only the species Praebulimina robusta . Group 4 : Calcareous hyaline species of genera with some tolerance of oxygen deficiency but no tolerance of reduced salinities .
These show a strong distributional relation to layers representing better oxygenation (limestones) . This group contains the genera Buliminella , Cassidella , ? Fursenkoina , ? Gabonita and ? Gavelinella . The percentage occurrences of these groups are shown in Figure 7 . Their patterns of distribution can be described as follows : Group 1 has its peaks within the black shales of the upper part of the section (above sample 9) and is reduced within the limestone bands . Its content in the lower part of the section is negligible . Group 3 occurs only within the interval represented by samples 11 and 12 , but here in relatively high percentages (16 and 52% of P . robusta ) . Group 4 has its main occurrence within the limestones and marly limestones . It shows significant peaks within the limestone bands in the upper part of the section .
Within the shale samples its contribution to the total fauna approaches zero . Group 2 shows no significant trend or correlation , merely completing the total faunal content .
. Discussion
Several authors have used dif ferent subdivisions to distinguish between dif ferent oxygen levels . Demaison & Moore (1980) distinguished between anoxic ( Ͻ 0 . 5 ml / l oxygen) and oxic ( Ͼ 0 . 5 ml / l) , Bernhard (1986) used the terms anoxic ( Ͻ 0 . 1 ml / l) , dysaerobic (0 . 1 -0 . 5 ml / l) and oxic ( Ͼ 0 . 5 l / l) , while Kaiho (1994) introduced further subdivisions : anoxic ( Ͻ 0 . 1 ml / l) , dysoxic (0 . 1 -0 . 3 ml / l) , suboxic (0 . 3 -1 . 5 ml / l) and oxic ( Ͼ 1 . 5 ml / l , further subdivided into low and high oxic) . However , such a detailed subdivision is probably not applicable to Cretaceous deposits . Therefore , a subdivision into anoxic , dysoxic and oxic is used in this contribution .
Anoxic conditions can be identified by the absence of calcareous benthic foraminifera and the exclusive occurrence of planktonic foraminifera (Eicher & Worstell , 1970 ; Koutsoukos et al ., 1990 ; Kaiho , 1994) . Some arenaceous foraminifera survive under dysoxic to anoxic conditions (Vercoute ` re et al ., 1987 ; Kaiho , 1994) . Such conditions are furthermore characterized by the total absence of macrofauna (Demaison & Moore , 1980 ; Savrda et al ., 1984 ; Vercoute ` re et al ., 1987) and the presence of well-laminated sediments , indicating the absence of bioturbation . Oxic conditions on the other hand are characterized by bioturbation , sometimes even complete homogenisation of the sediment , and an abundant and diverse macrofauna (Demaison & Moore , 1980 ; Savrda et al ., 1984) . Partly bioturbated sediments point to deposition near the dysoxic / anoxic boundary , and possibly to short-term temporary fluctuations in the position of the dysoxic / anoxic boundary within or above the sediment (Savrda et al ., 1984) .
In terms of benthonic foraminifera , assemblages of low oxygen content are characterized by high dominance , low diversity and small , thin-shelled individuals (Phleger & Soutar , 1973 ; Koutsoukos et al ., 1990) . Bernhard (1986) pointed out that Cretaceous calcareous benthonic foraminifera are usually small and flattened or tapered under oxygen depletion , enhancing oxygen acquisition by a high surface / volume ratio . Dif ficulties in secreting calcium carbonate in an oxygen depleted environment (Phleger & Soutar , 1973 ; Bernhard , 1986) may leave the arenaceous foraminifera as the only survivors under strong oxygen deficiency .
Small foraminifera have lower oxygen consumption and therefore a competitive advantage under oxygen depletion (Phleger & Soutar , 1973) , which can lead to dwarfed assemblages . Individuals can reach maturity during earlier ontogenetic stages and represent ideal conditions of plentiful nutrient supply , less competition and less predation (Koutsoukos et al ., 1990) . This explanation is valid for hyaline calcareous benthic foraminifera , but may also be applicable to arenaceous forms . Furthermore , assemblages characteristic of oxygen depleted environments typically contain r-selected species (opportunists) with short ontogenetic cycles , high growth rates , great environmental tolerances and generalized feeding strategies , i . e ., they are able to thrive in high stress environments (Koutsoukos et al ., 1990) .
Small infaunal mud dwellers are adapted to such conditions (as they are used to low oxygen contents of interstitial waters) and are therefore the first settlers after environmental changes .
Within the Ashaka section , oxygen depletion is indicated by a high content of group 1 and 3 foraminifera , i . e ., within the black shales . The group 4 genera are also tolerant of oxygen depletion , but in this case may represent better oxygenated conditions during the deposition of the limestones as they occur together with a rather diverse macrofauna . The variable time interval between two phases of low salinity and oxygen depletion was probably too short to establish a highly sophisticated foraminiferal fauna of K-strategists (optimal adapted specialists) . Rebelle (1990) and Courville (1992) described abundant pelagic (ammonites) and benthic macrofaunas from the limestone layers which consist of epifaunal elements (principally bivalves with gastropods , annelids and bryozoans in association) , endobenthos (sea urchins) as well as green algae (dasyclads) .
Rebelle interpreted the basal limestones as a deepening sequence with open marine , oxygenated and shallow water , not too far from the shore , associated with frequent , if not permanent , wave agitation of an inner carbonate platform environment .
The diversity (Fisher ␣ Index) of the benthonic foraminifera is low in almost all samples and considered alone may just indicate a brackish or hypersaline marginal environment (Murray , 1991) . But as the diversity is higher within the limestones layers , its relative fluctuation can be used for further interpretations . Low diversities are also characteristic for brackish lagoons and estuaries (e . g ., Murray , 1968) . As Ammotium is indicative of brackish waters , hypersalinity can be excluded at Ashaka . Gypsum bands within the Fika Shales are a result of oxidation of sulfides by subterranean water circulation (Rebelle , 1990) and do not represent a hypersaline environment as proposed by .
. Interpretation of the Ashaka section and conclusion
The application of the above information and data suggests a tripartite division of the Ashaka section (Figure 8 ) . The thick basal limestone fauna and frequent bioturbation represents well oxygenated , normal marine conditions (group 2 and 4 benthonic foraminifera , planktonic foraminifera , fish remains and other Figure 8 . Ecologic interpretation of the Cenomanian to Turonian rocks exposed at Ashaka . macrofossils) . The increasing content of planktonic foraminifera towards the top supports the macrofaunal evidence of Rebelle (1990) for an increasing waterdepth .
The middle part of the section (samples 11 and 12) is characterized by anoxic / dysoxic but normal marine bottom waters , represented by a high relative content of group 3 foraminifera within laminated shales . The presence of pelagic organisms (planktonic foraminifera , fish remains) points to well oxygenated surface waters . For this time interval , a stratification of the water-body was established .
Comparison of the diversity of benthonic foraminifera , occurrence of bioturbation , fish remains , macrofossils , planktonic foraminifera and benthonic foraminifera of group 4 shows a fair correlation of these parameters in the upper part of the section . High values point to well-oxygenated , normal marine conditions during the deposition of the limestones . On the other hand , group 1 foraminifera show a negative correlation with these parameters . Their high values (shale samples) represent anoxic / dysoxic and brackish conditions .
The maximum water-depth reached at Ashaka was probably not more than 50 m , as indicated by the observed planktonic foraminifera . Petters (1978b Petters ( , 1980 and Petters & Ekweozor (1982b) estimated a maximum water depth in the Benue Trough of 30 m .
Reduced salinities and low oxygen levels may have caused mass mortalities in Ashaka and the upper Benue Trough (Reyment & Dingle , 1987 ; Petters & Ekweozor , 1982b) . The conclusions of this paper fit into the general picture of unstable ecologic conditions in the Benue Trough and Gongola Rift during late Cenomanian / early Turonian times (Petters , 1983b) . High run-of f from land appears to have carried much terrestrial organic matter into the Benue Trough and caused hyposalinity as well as oxygen depletion for some periods (Petters , 1978a (Petters , , b , 1982 Petters & Ekweozor , 1982a , b) . This may finally have contributed to extensive oxygen minimum zones in the Atlantic , causing the Cenomanian / Turonian Oceanic Anoxic Event (OAE ; Schlanger & Jenkyns , 1976 ; Thiede & van Andel , 1977 ; Arthur & Schlanger , 1979 ; Tissot et al . 1980 ; Petters & Ekweozor , 1982b) .
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